Schellenberg KL, Lang JM, Chan KM, Burnham RS. A clinical tool for office assessment of lumbar spine stabilization endurance: prone and supine bridge maneuvers. Am J Phys Med Rehabil 2007;86:380 -386. Objective: To assess the validity and reliability of an office-based surrogate measure of lumbar spine-stabilization endurance capability; to establish norms and reliability in an asymptomatic group; and to compare their measures with those from a group of chronic mechanical low-back pain patients.
The management of chronic low-back pain is challenging, both from a medical and a societal perspective. Typically, a physician's office assessment of a patient with back pain complaints focuses on establishing a diagnostic category from which a treatment plan can be developed. In contrast, it is less common for physicians to perform back fitness testing in an office setting because of a number of constraints: lack of time, equipment, space, qualified personnel, and a paucity of validated techniques and norms.
One aspect of back fitness considered to be important in minimizing the severity and frequency of mechanical back pain is core stabilization. [1] [2] [3] [4] [5] [6] Core-stabilization exercise programs have been shown to be particularly effective in low-back pain patients with segmental hypermobility. [7] [8] [9] Proper neuromuscular control, strength, and endurance of core muscles are thought to protect the spine by maintaining intervertebral neutral zones (defined as the part of the range of physiologic intervertebral motion, measured from the neutral position, within which the spinal motion is produced with a minimal internal resistance), within physiologic limits. 10, 11 The intervertebral neutral zone increases in size with injury and degenerative disease. 12, 13 It is likely that optimal core stability requires a combination of strategic motor control (particularly of the deep muscles such as multifidus and transversus abdominis) and adequate endurance capacity of the superficial muscles (rectus abdominis, obliques, erector spinae, quadratus lumborum). 14 -17 Therefore, a surrogate measure capable of reflecting core-stabilization capability may be a useful tool for physicians to identify patients requiring further rehabilitation and to monitor the progress of training efforts. To be practical and useful, the tool would need to be simple, valid, reliable, and able to be performed efficiently in an office setting without significant risk to the patient. We identified two maneuvers described for core-stabilization training as being potentially well suited for this purpose because they seemed to be relatively simple to administer and perform: (1) the supine bridge, for assessment of trunk stability against a flexion moment; and (2) the prone bridge, for assessment of trunk stability against an extension moment. Advocates of these exercises claim that supine bridging selectively recruits the spinal extensors, whereas prone bridging recruits the flexors. 18 However, these claims have not been validated, nor have the tests' reliability and normative values been established.
The purposes of this study were to assess the validity, reliability, and practicality of prone and supine bridging as office-based assessment tools designed to measure lumbar spine-stabilization endurance capability; to establish norms in an asymptomatic population; and to compare their values with those from a group of chronic mechanical low-back pain patients.
METHODS
Evaluations of the prone and supine bridging maneuvers were conducted in three phases: validation; reliability and norms from an asymptomatic group; and values from a symptomatic group. The study was approved by the University of Alberta ethics review board, and all subjects gave their informed consent.
Prone and Supine Bridging Maneuvers Prone Bridge
Each subject began in the prone position, propped on the elbows. The elbows were spaced shoulder-width apart, and the feet were set with a narrow base, but not touching. The subject then raised the pelvis from the floor so that only the forearms and the toes were in contact with the floor. The shoulders, hips, and ankles were maintained in a straight line (Fig. 1A) . The position was held until fatigue or pain prevented maintenance of the test position.
Supine Bridge
Each subject began in the supine position with knees flexed 90 degrees and the soles of the feet on the floor with a narrow base, but not touching. The thighs could not be in contact. The hands were positioned by the ears. The subject then raised the pelvis from the floor so that the shoulders, hips, and knees were maintained in a straight line (Fig.  1B) . The position was held until fatigue or pain prevented maintenance of the test position. If the subject reached 2 mins, the dominant leg was extended at the knee, removing one point of support (Fig. 1C ). This was designed to shorten the bridge duration by increasing the difficulty through addition of a torque moment to the core and an increase in the counterbalance weight. In the event of a preexisting injury to the dominant support limb (e.g., deficient anterior cruciate ligament), the nondominant leg was extended instead.
Validation
Eight subjects (six males, two females) were recruited by flyers posted in a rehabilitation hospital and underwent surface electromyographic (sEMG) assessment while performing the prone and supine bridging maneuvers. The target population was between the ages of 18 and 65 yrs, healthy, and without a recent history of back pain. Exclusion criteria included a history of angina, emphysema, shoulder pain in the past 6 mos, diagnosed spinal abnormality, abdominal or back surgery within the past year, cervical strain, and other pain conditions. The subjects were asked to complete a demographics form for the purpose of establishing age, weight, height, gender, and frequency of exercise in an average week.
After becoming familiarized with the test exercises, surface electrodes were placed over four muscle groups in a bipolar configuration on the right side of the body: rectus abdominis, external oblique, erector spinae, and hamstring. The rectus abdominis site was centered on the muscle belly midway between the pubis and the umbilicus. The external oblique site was 5 cm above the anterior superior iliac spine. The erector spinae site was 2 cm lateral to the L4 -L5 interspace, and the hamstring site was at the midpoint of the muscle bellies. 4, 13 The hamstring was used instead of the gluteus maximus because of easier access and the technical advantage of less overlying adipose tissue. The skin was prepped by shaving the hair, applying gentle abrasion with an emery board, and cleansing with an alcohol swab. The paired electrodes were placed perpendicular to the muscle fibers, 3 inches apart. Sensitivity of the amplifier was set at 0.1 mV per division. Custom-written Labview software was used for data acquisition and analysis.
Maximum voluntary contractions were recorded for each muscle group by having each sub-ject perform a maximal isometric contraction against resistance as follows:
1. Rectus abdominis: The subject was supine, with knees flexed at 90 degrees. The examiner restrained the shoulders and knees while the subject attempted to do a sit-up. 2. External obliques: The subject was supine, with knees flexed at 90 degrees. The examiner restrained the right shoulder and left knee while the subject attempted to bring the right shoulder up to the left knee. 3. Erector spinae: The subject was prone. The examiner restrained the shoulders and hips while the subject tried to raise the trunk up off the table. 4. Hamstrings: The subject was prone. The examiner held down the right leg while the subject tried to raise it off the table by extending from the hip.
After several minutes of rest, subjects performed the prone bridge maneuver and then the supine bridge maneuver, as described above. Data from the four muscle groups were recorded simultaneously. The sEMG waveforms were rectified, and the area under the portion of the sEMG envelope at the plateau region was measured. Because the time this could be sustained was different in each subject, the area was normalized to the duration of the segment. To make the sEMG output comparable between subjects, it was also expressed as a percentage of the electromyographic (EMG) output during the maximum voluntary contraction. The mean and standard deviation values are reported for each muscle group. A paired t test was used to compare the difference in the pattern of muscle activation with the two maneuvers for each muscle group.
Asymptomatic Group Norms and Reliability
Participants for this phase of the study were gathered from Hepburn, Saskatchewan, Canada. Flyers were posted in local businesses and bulletin boards. Forty-three subjects (22 males, 21 females) were recruited. Informed consent was obtained. Inclusion criteria were volunteers between the ages of 18 -65 and no recent history of back pain. Exclusion criteria were as described in the validation portion of the study. After instruction and familiarization, each subject performed one repetition of the prone and supine bridging maneuvers on a portable gymnasium mat, in random order. Time to fatigue was measured in seconds. Reason for test cessation was recorded (pain vs. fatigue). A work to rest ratio of 1:4 was observed. The maneuvers were then repeated to establish test-retest reliability. Statistical analysis was conducted using a paired t test to determine the average bridging times and to determine whether a test order effect was present. Pearson's correlation coefficient was used to evaluate test-retest reliability of the two bridging maneuvers. Relationships between gender, reason for test cessation, and bridge duration were analyzed using one-way ANOVA.
Prone and Supine Bridge Values for Subjects with Low-Back Pain
Thirty-two subjects experiencing chronic mechanical low-back pain were recruited from the senior author's practice (14 males, 18 females). Criteria for this diagnosis included low-back pain for Ͼ6 mos; no clinical or investigative evidence of spine infection, neoplasia, fracture, inflammatory disease, or neurologic impairment; pain aggravation with activity; and improvement with rest. After instruction and familiarization regarding the bridging exercises, each subject performed one repetition of the prone and supine bridge maneuvers. The test order of the maneuvers was randomized, and maneuver duration was recorded, as was each subject's reason for cessation of the maneuver (primarily pain or fatigue). Descriptive statistics and Pearson's correlation coefficient were used to summarize data and to explore relationships between bridging endurance, body mass index, age, pain (visual analog scale), and disability (Oswestry Disability Questionnaire Score). An unpaired t test was used to compare the bridging duration times of the asymptomatic and symptomatic groups. Body mass index was similarly compared. Demographic descriptions of the subjects from all three groups are shown in Table 1 . Relationships between gender, reason for test cessation, and bridge duration were analyzed using one-way ANOVA.
RESULTS
Subject demographic characteristics of all three groups are summarized in Table 1 .
Validation
From visual inspection of individual records, it was apparent that the prone bridge preferentially recruited the anterior core stabilizers, whereas the supine bridge preferentially recruited the posterior stabilizers (Fig. 2) . Statistical assessment of the pooled data from all subjects on the EMG output 
FIGURE 2 Surface electromyographic recordings from the flexors (rectus abdominis and external oblique) and
the extensors (erector spinae and hamstrings) in a representative subject. Whereas the flexor muscles were vigorously activated during the prone bridge maneuver, the extensor muscles were quiescent. The reverse occurred during the supine bridge maneuver.
during maximum voluntary contraction, prone bridge, and supine bridge maneuvers confirmed this selective recruitment pattern ( Table 2 ).
Asymptomatic Group Norms and Reliability
Prone and supine bridge durations (first and second repetitions and mean) are summarized in Table 3 . Prone bridge durations were approximately 43% those of the supine bridge. Additionally, the duration of the second repetition of prone bridge was significantly less than the first, suggesting a test order effect. This was not seen for the supine bridge. The Pearson correlation coefficients for test-retest reliability of the prone and supine bridging tests were 0.78 and 0.84, respectively (P Ͻ 0.05). No significant correlation was found between bridge duration and subject age.
Males could maintain both prone and supine positions significantly longer than females. Additionally, the prone:supine ratio was significantly higher for the male subjects. Bridge duration times did not seem to be associated with a subject's reason for stopping the maneuver (Table 4 ).
Prone and Supine Bridge Scores for Subjects with Low-Back Pain
Mean prone bridge duration for subjects with chronic mechanical back pain was 28.3 Ϯ 26.8 secs, whereas supine bridge mean was 76.7 Ϯ 48.9 secs. These were significantly shorter than for the asymptomatic control group (P Ͻ 0.001). Prone: supine ratio was 0.45 Ϯ 0.43, which did not differ significantly from the asymptomatic control group. Bridge duration times were not significantly affected by gender or by a subject's reason for stopping the maneuver. As with the asymptomatic group, prone:supine ratios were significantly higher in symptomatic male subjects ( Table 5) .
Prone bridging was significantly correlated with visual analog scale (r ϭ Ϫ0.63) and Oswestry Disability Questionnaire Scores (r ϭ Ϫ0.56). Supine bridging was significantly correlated with visual analog scale (r ϭ Ϫ0.62) and Oswestry Disability Questionnaire Scores (r ϭ Ϫ0.36). In contrast, no significant correlation was found between bridging endurance, age, and reasons for cessation. Body mass index was significantly higher in the symptomatic group (mean [SD] ϭ 27.4 [3.7] ) than the asymptomatic group (25.1 [4.2] ; t ϭ Ϫ2.6, P ϭ 0.03). However, there was no significant correlation between body mass index and supine or prone bridging durations in either of the groups (supine: asymptomatic group r ϭ Ϫ0.29, symptomatic group r ϭ Ϫ0.35; prone: asymptomatic r ϭ Ϫ0.24, symptomatic r ϭ Ϫ0.24).
DISCUSSION
The first goal of this study was to assess the validity of the prone and supine bridge maneuvers as surrogate measures of lumbar spine-stabilization endurance. The sEMG assessment validated the claims that the prone bridge selectively recruits anterior trunk muscles and the supine bridge selectively recruits posterior trunk muscles. The muscle groups in this study were selected in an attempt to evaluate the use and coordination of the core stabilizers. Endurance of these muscles has been shown to be more important than strength in the reduction of back pain and the prevention of future injury. In fact, only low levels of maximal voluntary contraction are required to ensure the stability of the spine in vivo. 16,18 -20 We used the hamstring muscles as a measure of hip extensor activity to show that the lumbar extensors are the primary contributors to stability in the supine bridge. The external oblique site was chosen to give an indication of anterolateral muscle activity in general, and the rectus abdominus site provided information about that muscle in particular.
Recently, strong emphasis has been placed on the importance of the timing and extent of activation of the deep local muscle system (particularly multifidi and transversus abdominus) by several investigators. 15, 21 The activity of these muscles during prone and supine bridge maneuvers is unknown but deserves further research. The ability of the prone and supine bridge maneuvers to discriminate between asymptomatic vs. symptomatic subjects suggests a level of concurrent validity. Additional concurrent validity is also suggested by the negative correlation between bridging duration and self-reported pain and disability scores among the subjects with mechanical low-back pain.
In this study, prone and supine bridging resulted in relatively high-percentage maximum voluntary contraction values, suggesting that the maneuvers may be useful not only for testing but also for training purposes. 22 The high level of activation of the external oblique, a lateral stabilizer, during prone bridging is of clinical interest because it can potentially be trained using that maneuver. In addition to testing lateral stabilization endurance capability, McGill et al. 23 also used side bridging to train the lateral stabilizer muscles.
Prone and supine bridging test-retest reliability in this study was good, but it was not as strong as that described by Hicks et al. 8 The reliability of the prone bridge maneuver may have been partly compromised by the test order effect, suggesting an element of fatigue with the second repetition because the amount of recovery time was likely inadequate. The prone and supine bridging endurance times were significantly shorter for subjects with mechanical low-back pain. Although the symptomatic group was older than the asymptomatic normative group, age difference is unlikely to be an important influence on endurance time, as reflected by the lack of correlation between bridge duration and subject age in both the asymptomatic and symptomatic groups.
Overall, the prone and supine bridge maneuvers were well tolerated by the subjects with mechanical low-back pain. Although some had to terminate the maneuvers because of pain, it is interesting that the bridge duration was comparable regardless of whether the primary reason of cessation was pain or fatigue. Although the bridging endurance times were significantly shorter among symptomatic subjects, prone:supine ratios were not significantly different from the asymptomatic group, suggesting that anterior to posterior muscle imbalance may have a minimal relationship to mechanical low-back pain.
In terms of practicality, we aimed to describe a simple, quantifiable bedside measure of trunk-stabilizer endurance. Such a test should require a minimum of equipment, time, staff, and patient training. Ideally, the clinical tool can be used for both screening and monitoring purposes. The prone bridge and the supine bridge described in this study seem to fit those criteria. All testing for this study was done on a standard clinic examination table or a gymnasium mat and could be completed in approximately 5 mins.
